The secondary xylem of Craterispermeae, Coussareeae, Morindeae s.str., Prismatomerideae, Pauridiantheae, Urophylleae, and Triainolepideae (Rubiaceae, Rubioideae) is described and illustrated in detail. Genera that were previously placed in the Morindeae or Psychotrieae such as Damnacanthus, Lasianthus, Saldinia, and Trichosfachys are also included. Wood anatomical characters are compared with recent phylogenetic insights into the study group on the basis of molecular data. The observations demonstrate that the delimitation and separation of several taxa from the former Coussareeae/Morindeae/Prismatomerideae/ Psychotrieae aggregate is supported by wood anatomical data. The Coussareeae can be distinguished from the other Rubioideae by their scanty parenchyma, septate libriform fibres, and the combination of uniseriate and very high multiseriate rays with sheath cells. Axial parenchyma bands and fibre-tracheids characterise Gynochtodes and some species of Morinda (Morindeae sstr.), but the latter genus is variable with respect to several features (e.g. vessel groupings and axial parenchyma distribution). Wood data support separation of RenneINa and Prismatomeris from Morindeae s.str.; vessels in both genera are exclusively solitary and axial parenchyma is always diffuse to diffusein-aggregates. Damnacanthus differs from the Morindeae alliance by the occurrence of septate fibres, absence of axial parenchyma, and the occasional presence of fibre wall thickenings. There are interesting similarities between members of the Lasianfhus clade and the Pauridiantheae/ Urophyleae group such as the sporadic occurrence of spiral thickenings in axial parenchyma cells.
within Rubioideae (and Rubiaceae in general). For instance monophyly of the Coussareeae is supported by DNA sequences but the tribe is found to take a more basal position than the Psychotrieae-Morindeae alliance to which the Coussareeae have been connected in the past. A remarkable relationship between the tribes Coussareeae and Coccocypseleae was suggested. Morphological evidence for an extended tribe Coccocypseleae, including the shrubby genera Declieuxia and Hindsia, was recently presented by Piesschaert et a/. (20004. The rbcL-analysis of Bremer (1996) and the rpsl6-intron analysis of Andersson and Rova (1999) have confirmed the close relationship between Morindeae and Psychotrieae, but macromolecular data contradicted the separation of the Mitchella group. This group was found to be the sister group of Morinda together with Gaertnera (Bremer 1996) or nested within the Morindeae (Andersson and Rova 1999, Bremer and Manen 2000) . While Gaerfnera appears as the sister group of Morinda in the analysis of Bremer (1996) , the Gaertnereae occurred at the base of the Morindeae and Psychotrieae in the study of Andersson and Rova (1999) . The genus Schradera also occupies a position close to Psychotrieae, Gaertnereae, and Morindeae (Bremer and Thulin 1998 , Andersson and Rova 1999 , Bremer and Manen 2000 . Futhermore, rbcL and rpsl6 intron sequences demonstrated that the genera Lasianthus, Saldinia, Ronabea and Trichostachys form a well supported "Lasianthus-clade" within the basal Rubioideae; macromolecular data suggest exclusion of these genera from the Psychotrieae or Morindeae, thus eradicating the old problem of the mutual delimitation of these two tribes. Recently, Lasianthus and Trichosfachys are placed in a new tribe Lasiantheae (Bremer and Manen 2000) .
While the Rubioideae, Cinchonoideae, and lxoroideae are supported by various cladistic analyses based on molecular and/or morphological data covering the whole family, a wide circumscription of the subfamily Antirheoideae is now generally abandoned (e.g. Bremer et al. 1995 , Bremer 1996 , Manen and Natali 1996 , Bremer and Thulin 1998 , Andersson and Rova 1999 , Andreasen and Bremer 2000 . Accordingly, the Knoxieae and Craterispermeae are now removed from the Antirheoideae to the Rubioideae. The Knoxieae are mainly herbaceous and appear to be related to the Hedyotideae and Spermacoceae, which Bremer (1996) suggested to merge in an extended tribe Spermacoceae s.I. Although Manen and Natali (1996) suggested that Triainolepis does not belong to the Rubioideae because it lacks the typical deletion in the atpB-rbcl-spacer, the presence of raphides indicates that the genus could belong to this subfamily. Verdcourt (1958) noticed similarities in the fruit of Triainolepis and the Knoxieae. Interestingly, macromolecular data confirmed a relationship between these taxa (Piesschaert et a/. 2000a) . The taxonomic position of the woody and monogeneric Craterispermeae has been problematic, but macromolecular data as well as the presence of raphides and aluminium accumulation clearly supports Verdcourt's (1958) placement in the Rubioideae Manen 2000, Jansen et a/. 2000a, b) .
In two previous studies we discussed the wood anatomy of Gaertnereae and Psychotrieae (Jansen et a/. 1996 (Jansen et a/. ,1997 . The present paper aims to describe the secondary xylem of the remaining 'uniovulate' Rubioideae in order to compare the wood anatomical variation with the new phylogenetic and taxonomic insights based on macromolecular data.
Materials and Methods
Wood samples came from the herbarium of Leiden (L), the wood collection of Tetvuren (Tw), Utrecht (Uw), and from the National Botanic Garden of Belgium (mostly from the herbarium BR; only few samples from living collections). A list of the species studied is given below. The diameter (in mm) of each wood sample is included for branch wood; the diameter of mature wood samples is unknown and not reported. Wood samples of Gentingia and Motleya (Prismatomerideae), as well as Appunia, Caelospermum, Pogonolobus (Morindeae sstr.), and Schizocolea (sole African genus of the Coussareeae) were not available. Although we were able to include a light microscopical photograph of a transverse section of Triainolepis emirensis (Fig. 46) , this species could not be investigated in detail due to lack of material. Accordingly, the wogd anatomical description of Triainolepis is only based on the African species Triainolepis africana. Table 1 summarises the genera and the number of wood samples studied. Wood blocks were sectioned and macerated according to standard methods (Jansen et a/. 1998) . The specimens were studied with a light microscope (LM; Leica DMLB) and a scanning electron microscope (SEM; Jeol JSM-6400). Vessel element length and fibre length were measured from macerations, 30 elements per sample. The vessel grouping index is used as defined by Carlquist (1988) . According to this method, the total number of vessels counted as individuals is divided by the total number of vessel groups. For quantitative features (e.g. the tangential diameter of vessel lumina), the average is given for all specimens studied and the numbers between brackets refer to the total range for all samples. Terminology follows the IAWA list (IAWA Committee 1989). 
Results
Generic descriptions are given below for each tribe separately. Detailed wood anatomical data of the specimens studied are listed in Table 2 Growth rings are absent or indistinct-Vessels are diffuse. The vessel grouping index averages 1.65, varying from 1.3 (C. ovalis) to 2.16 (C. leptoloba). Mean length of vessel elements is 1,023 (600-1,500) p m; mean tangential vessel diameter is 53 (30-150) pm. Vessels about 116 p m wide are found in C. vallis only (Fig. 6 ). Mean number of vessels per mm2 is 45 (15-120). Vessel element perforations are simple. However, the number of perforations per perforation plate is frequently more than one (Fig. 11) ; for instance up to five perforations are observed in a perforation plate of C. machadoana. Perforated ray cells show simple perforations, but they are sometimes irregular in shape, or irregularly reticulate as e.g. in C. vallis. lntervessel pits are alternate or rarely opposite to scalariform, mostly polygonal, and vestured. lntervessel pits are minute (< 4 pm), small (4-7 pm), or medium (7,8 pm) sized. Vessel-ray pits are similar to intervessel pits with distinct pit borders, but enlarged with reduced pit borders in C. va//is.-Fibres are septate with simple to minutely bordered pits confined to radial fibre walls (Fig. 7) . Septa are not observed in fibres of C. aff. grandis. Mean length of fibres is 1652 (800-2,400) pm.-Axial parenchyma is scanty paratracheal, very rare and often seemingly absent or lacking. Axial parenchyma strands are composed of 5 to 10 cells.-The heterogeneous rays usually are of two distinct sizes: uniseriate and 4-seriate or wider (up to 10 cells in C. megalocarpa). Relatively narrow rays (2-3-seriate) occur in C. tenuiflora. The body ray cells are usually procumbent with mostly 2-4 rows of upright and/or square marginal cells. Sheath cells partly surround the rays in most multiseriate rays (except C. tenuiflora). Multiseriate rays are very high, on average 2,752pm, but rays up to 10,100pm high occur in C. megalocarpa. The number of rays per mm is 10 (6-19).-Raphides are abundantly present in the upright/ square ray cells of most species studied. Raphides are lacking in C. aff. grandis, C. birticalyx, and C. leptoloba. (Fig. 10) . Rays up to 16 cells wide are observed in F. neblinae. Rays are not more than three cells wide in F. elegans and occasionally 4-seriate in I ? quadricostata and F. parvibracteata. The multiseriate rays are relatively high, on average 1,567 pm, but rays up to 9,620 p m in height are found in F. quadricostata. Sheath cells generally form an incomplete sheath around the procumbent cells (Fig. 10) . The rays are composed of procumbent body ray cells with usually 2-4 rows of upright/square marginal ray cells (Fig. 9 ). The number of rays per mm is ca. 10 (6-17).
-Raphides are abundantly present in ray cells (Fig. 8 The Mifchella group Damnacanthus C.F. Gaertn.
(1 species/l specimen examined) -Figs. 12 and 13. Growth rings are indistinct and formed by a difference in fibre wall thickness.-Vessels are very narrow and difficult to distinguish from fibres in transverse sections (Fig. 12) . Tangential diameter of vessel lumina is 24 (20-27) pm. Vessel element length is 693 (600-900) pm. Vessel element perforations are simple and vestured. The openings of the perforations are elliptical, sometimes irregular or mismatched. lntervessel pits and vessel-ray pits are alternate, minute, and vestured.-Fibres are septate. Fibre pits with pit chambers 2-3pm in diameter occur on radial and tangential walls.
Fibre length is 906 (700-1,000) pm. Occasionally, vesturing is found in association with fibre wall thickenings. The illustration shown in Fig. 13 illustrates the outer surface of the newly deposited fibre thickenings, while the original secondary fibre wall in Fig.13 is removed by the cutting action during sample preparation. The vestures arise from the thickenings into the depressions which frequently appear just like vestured pits of vessel elements. SEM observations illustrated that the fibre thickenings containing the primary wall were sometimes found to be detached from the inner surface of the secondary wall. Small unbranched vestures also spread out on the inner surface of the thickenings forming narrow lines.-Axial parenchyma is absent.
--Rays are heterogeneous, 3-4-seriate, and sometimes 5-6-seriate. The body ray cells are mostly procumbent with 2-4 or more rows of upright/square ray cells. Rays average 1,145pm high, and more than 15rays occur per mm. -Mineral inclusions are absent.
Morindeae Miq. Gynochfodes Blume (2 species/2 specimens examined) -Figs. 14-17.
Growth rings are absent.-Vessels are exclusively solitary, and round to oval. The tangential diameter of vessel lumina is very wide, on average 247 (150-300) pm; narrow vessels about 40 p m wide are occasionally present. Mean number of vessels per mm2 is 6 (4-10). Vessel element perforations are simple. Vessel pits are alternate, 7-9pm in diameter, and vestured. Vessel-ray pits are similar to other types of vessel pits (Fig. 17 ).-Fibre-tracheids are non-septate, with numerous distinctly bordered and vestured pits on radial and tangential fibre walls . Mean fibre length is 870 (700-1,100) pm.-Axial parenchyma bands are discontinuous, usually more than four cells wide, and the distance between the bands is highly variable (Fig.14) . Axial parenchyma strands are composed of seven to nine cells.-Rays are near homogeneous. They are uniseriate or biseriate in part ( vessel pits are alternate and generally more than 4 p m in diameter. Vessel pits are mostly vestured, but non-vestured vessel pits occur especially in specimens with (very) wide vessels (e.g., M. morindoides and M. reticulata). Vessel-ray pits are enlarged with reduced pit borders in M. reticulata and M. morindoides, but similar to intervessel pits in all other species (Fig. 23 ).-Fibre-tracheids with distinctly bordered pits on radial and tangential walls are present. Fibre pits in M. geminata, however, are simple to minutely bordered. Fibre length is 1,086 (500-1,950) pm.-Distribution of the axial parenchyma is variable but parenchyma bands are most common. These are four or five cells wide ( Fig.18 ), but some species show narrow bands that are two or three cells wide (Fig. 19) . Growth rings are indistinct.-Vessels are diffuse, solitary, or in short radial multiples. Mean vessel grouping index is 2.5 in P. viridiflora, but 1.5 and 1.4 in P. pyramidata and P. rubens respectively. The tangential diameter of vessel lumina averages 47 (30-65) pm. Mean number of vessels per mm2 is 42 (17-78). Vessel element perforations are simple. lntervessel pits are alternate, minute, and vestured. Vessel-ray pits are similar to intervessel pits. Mean vessel element length is 733 (350-1,100) pm.-Fibre-tracheids are non-septate, with numerous distinctly bordered pits on radial and tangential fibre walls. Mean fibre length is 1,355 (1,000-1,900) pm. Growth rings are indistinct.-Vessels are diffuse, solitary or in short radial multiples. The mean vessel grouping index is 1.5. The tangential diameter of vessel lumina is small, averaging 21 (20-25) p m (Fig. 40) . Mean number of vessels per mm2 is 82 (60-110). Vessel element perforations are simple. Intervessel pits are alternate, minute, and vestured. Vessel-ray pits are similar to intervessel pits. Vessel element length is 850 (650-1,100) pm.-Fibre-tracheids are non-septate, with numerous distinctly bordered pits on radial and tangential fibre walls. Mean fibre length is 1,432 (1,300-1,650) pm.-Axial parenchyma is scanty paratracheal or diff use-in-aggregates (Fig. 41) Growth rings are absent.-Vessels are diffuse and exclusively solitary (Fig. 24) . Mean tangential vessel diameter is 36 (15-75) p m and narrow vessel elements that resemble vascular tracheids are common. The number of vessels per mm2 is 50 (27-85). Vessel element length is highly variable (300-2,300 pm); relatively long in P. sp. and P. beccariana, but shorter in P. brachypus and P. tetrandra. Vessel element perforations are always simple. All vessel pits are alternate, minute or small, and vestured.-Fibre-tracheids show bordered pits on radial and tangential walls (Fig. 25 ). Fibre length is about 2,000 pm, but much shorter in P. brachypus (on average 975 pm) and P. tetrandra (on average 713 pm).
-Axial parenchyma is sparsely diffuse (Fig. 24 ) to diffuse-inaggregates. Axial parenchyma strands are composed of ca. seven to ten cells.-Rays are 1-2-(3)-seriate, heterogeneous ( (1,500-2,280) pm.-Axial parenchyma is diffuse to diffuse-inaggregates (Fig. 26) , and also scanty paratracheal in R. sp. (Fig. 27) . Axial parenchyma strands are composed of 7 to 10 cells.-The heterogeneous rays are 2-3-seriate (Fig. 28) and composed of upright/square ray cells with few procumbent cells (Fig.29) . Rays are 1,450 (400-3,700) pm high and about 15 rays occur per mm.-Raphides are observed in R. elliptica, while small spiny druses are recorded in R. sp.
26-29.
Triainolepideae Bremek. Triainolepis Ho0k.f. (1 species/2 specimens examined)-Figs. 46-48 (T. emirensis is illustrated in Fig. 46 but not included in the description below).
Growth rings are indistinct.-Vessels are diffuse, solitary, grouped in relatively long radial multiples, or sometimes with a slight tendency to form a diagonal pattern (Fig. 46) . The mean vessel grouping index is 2.7. Tangential vessel diameter averages 38 (20-60) p m and narrow vessel elements with a single, small perforation are common. Vessel density averages 55/mm2. Vessel element length averages 372 (200-550) pm. Vessel element perforations are simple. lntervessel pits and vessel-ray pits are minute, alternate, and vestured.-Fibres are non-septate. The fibre pits are distinctly bordered, vestured (Fig.47) and less common on tangential than on radial fibre walls. Fibre length is 666 (250-1,100) pm.-Axial parenchyma is diffuse to diffuse-inaggregates. Axial parenchyma strands are composed of five to ten cells.-The heterogeneous rays are 2-3-seriate. Ray height is ca. 1,225 p m and the mean number of rays per mm is 16.--Raphides are present in enlarged ray cells (Fig.  48) . Vessel element perforations are simple. lntervessel pits are alternate, minute, and vestured. Vessel-ray pits are similar to intervessel pits. Mean vessel element length is 1,273 (600-1,700) pm.-Fibre-tracheids are non-septate, with numerous distinctly bordered pits on radial and tangential fibre walls. Mean fibre length is 2,038 (1,600-2,900) pm.
-Axial parenchyma cells are diffuse to diffuse-in-aggregates and scanty paratracheal in M. corymbus (Fig. 43) . Axial parenchyma strands are composed of 10 to 20cells. Growth rings are absent or indistinctly present.-Vessels are exclusively solitary in U. trifurcum (Fig. 42) , but also in short radial multiples in the other species studied. Vessel grouping index is 1.5 in U. zeylanicum, U. macrophyllum and 2.5 in U. corymbosum. The tangential diameter of vessel lumina averages 58 (20-70) pm. Mean number of vessels per mm2 is 57 (30-90). Vessel element perforations are simple. lntervessel pits are alternate, minute, and vestured. Vessel-ray pits are similar to intervessel pits. Mean vessel element length is 1,000 (700-1,500) ,urn.-Fibre-tracheids are non-septate, with numerous distinctly bordered pits on radial and tangential fibre walls. Mean fibre length is 1,542 (1,OOO-2,000) ,urn.-Axial parenchyma is diffuse to diffuse-in-aggregates. Axial parenchyma strands are composed of 4 to 11 cells, with occasional helical thickenings in U. cf. macrophyllum (Fig. 45) and U. mrymbosum.-Rays are 2-3-seriate but mainly uniseriate in U. trifurcum (Fig. 44) . The ray cells are Vessel density averages 75/mm2. Vessel element length averages 1,020 (400-1,700) ,urn. Vessel element perforations are simple. lntervessel pits are minute, alternate, and vestured.-Fibre-tracheids are non-septate and the bordered pits on radial and tangential walls (Fig. 34) are sometimes vestured. Fibre length is 1,612 (1,200-2,300) ,urn.-Axial parenchyma is diffuse to diffuse-in-aggregates (Fig. 30,31 Growth rings are indistinct.-The vessels are diffuse, mainly solitary, and vessel grouping index is 1.3. The mean vessel diameter is 22 (20-30) ,um and the number of vessels per mm2 is 215 (200-240). Vessel element length is 1,018 (640-1,350) ,urn. Vessel element perforations are simple and occasionally scalariform in the specimen collected by Lewis and Razafimandimbison (nr. 723), but entirely scalariform in the other specimen studied (Rakoto 301). lntervessel pits and vessel-ray pits are minute, alternate, and vestured. -Fibres show distinctly bordered pits on tangential and radial walls. Fibres are non-septate. Mean fibre length is 1,583 (900-2,400) pm.--Axial parenchyma is diffuse (Fig. 35 ).
-The juvenile rays are heterogeneous and uniseriate. -Mineral inclusions are not observed in the secondary xylem. (Fig. 38) , with circa three bars; other perforations are simple. lntervessel pits and vessel-ray pits are minute, alternate, and vestured.-Fibres show bordered pits (3-4pm in diameter) on radial and to a lesser extent on tangential walls. Septa are observed in at least several fibres. Mean fibre length is 1,200 (680-1,550) pm.-Axial parenchyma cells are sparsely diffuse, although they are difficult to distinguish from vessels in transverse sections (Fig. 36) . Helical thickenings are occasionally found in axial parenchyma cells of T. microcarpa (R. Devred 7678; Fig. 39 ).-Rays are nearly always uniseriate, heterogeneous, and composed of upright/square ray cells (Fig. 37) . Vessel-ray perforations are scalariform. Rays are generally more than 1 mm high, and about 20rays occur per mm.
-Small and mainly navicular prismatic crystals are observed. Raphides are present in ray cells of T. microcarpa (7678).
Discussion
The Rubioideae studied in this paper show distinct differences in their wood anatomical characters. A summary of diagnostic features is given in Table 3 .
As already recorded by Metcalfe and Chalk (1950) and Koek-Noorman (1969) , the Coussareeae stand apart from the other Rubioideae by their scanty axial parenchyma. Our results agree with Koek-Noorman (1969: 386) who stated that Coussarea and Faramea "are as difficult to distinguish from each other as the woods of the Psychotrieae". The only difference between the two genera we observed is the higher amount of paratracheal parenchyma in Fararnea. Coussareeae and Psychotrieae share septate libriform fibres and vessel element plates that show two or more simple perforations (Jansen et a/. 1997) . Psychotrieae, however, usually do not possess axial parenchyma and very high multiseriate rays. The presence of two ray sizes with high multiseriate rays that show sheath cells are a diagnostic feature of the Coussareeae. Moreover, vessel pits of Coussareeae are mostly polygonal and especially in Coussarea relatively large (5-7 pm). Barros and Callado (1997) described scalariform perforation plates and prismatic crystals for the wood of Coussarea friburgensis, but these features were not found in the species studied by us.
As mentioned in the introduction, macromolecular data strongly support a relationship between Coussareeae and Coccocypseleae (ens., Andersson and Rova 1999) . Although the wood samples of Hindsia and Declieuxia studied are juvenile, the presence of septate fibres may support their relationship with the Coussareeae. Paratracheal parenchyma is not found in these genera, but several species of Coussarea also show very few or no axial parenchyma cells.
Other differences in wood anatomical features of Declieuxia and Hindsia are quantitative and thus should not be compared with the mature wood of Coussarea and Faramea.
The genus Craterispermum is characterised by the presence of continuous parenchyma bands and fibre-tracheids. Our wood data agree with earlier descriptions of Craterispermum (Normand and Paquis 1976, Lecomte 1922) . Axial parenchyma bands are a relatively rare feature in Rubiaceae, but they are known in the Morindeae and Gaertnereae, which are placed near the Psychotrieae, as well as for Colletoecema (Jansen et a/. 1996 , Piesschaert et al. 2000a . These taxa with parenchyma bands also share fibre-tracheids. Based on macromolecular data, Bremer and Manen (2000) found that Craterispermum takes a well supported position in the Psychotrieae alliance.
Fibre-tracheids as well as the presence of axial parenchyma bands and solitary vessels in Colletoecema support an exclusion from the Psychotrieae (Piesschaert et al. 2000a) . A position of Colletoecema in or near the Craterispermeae is a suggestion that deserves serious consideration. The two genera share habitual similarities (woody plants with congested axillary opposite inflorescences-a feature rare in Rubioideae) and both have drupes (in Craterispermum with a derived unilocular stone, in Colletoecema with a derived bilocular stone) (Igersheim 1992 , Piesschaert et a/. 2000a ). There are also many floral similarities. Moreover, the two genera are strong aluminium accumulators and have similar wood characters.
Morindeae s.str. are characterised by parenchyma bands and fibre-tracheids, which support a close relationship between Morindeae and Gaertnereae as confirmed by molecular data (Bremer 1996) , and these features distinguish them from Coussareeae and Psychotrieae. Morinda and Gynochtodes also share relatively large intervessel pits, which are sometimes up to 9 p m in diameter.
The wood anatomy of Morinda is fairly heterogeneous with respect to axial parenchyma distribution, vessel grouping, and ray structure. Normand (1960) described Morinda geminata and M. lucida with numerous 4-6-seriate parenchyma bands, but remarks that this feature is not constant within the whole genus. He noticed that the Indian M. citrifolia can easily be distinguished from the African species M. lucida and M. geminata. Indeed, the axial parenchyma in M. citrifolia is diffuse-in-aggregates (Brown 1922 , Janssonius 1926 , Pearson and Brown 1932 , Desch 1954 . Vessels are exclusively solitary in several species, while others show radial multiples of more than four vessels. Most rays are heterogeneous, but in M. morindoides (Uw 9264), and to a lesser extent M. geminata and M. citrifolia, homogeneous rays occur.
The wood anatomical variation in the Morindeae probably can be explained by its different growth forms. Morinda and Gynochtodes both contain woody climbers; this habit clearly influences the structure of the secondary xylem of taxa such as Gynochtodes, M. morindoides, and M. reticulata (see e.g. Carlquist 1985 for a general survey of the secondary xylem of vines). The vessel diameter in these species is wide, vessel elements are rather short, vessels are almost exclusively The presence of styloids in Morinda morindoides (Uw 9264) is remarkable, since this crystal type is unusual in wood of Rubiaceae; they are found for instance in Cosmocalyx, lxora, Captaincookia, and Versteegia (Richter and Schmitt 1987, Jansen et a/. 1999) . Among Rubioideae, relatively thin styloids are found in the leaves of some Psychotrieae (Solereder 1893, SJ: pers. obser.).
The secondary xylem of the Prismatomerideae (Prismatomeris and Rennellia) shows exclusively solitary vessels, fibre-tracheids, heterogeneous bi-or triseriate rays, and diffuse to diffuse-in-aggregates parenchyma cells. The absence of axial parenchyma bands and the occurrence of solitary vessels indicates that frismatomeris and Rennellia can be distinguished from the Morindeae s.str., but further data from the remaining genera (Appunia, Caelospermum, Pogonolobus, Gentingia, Motleya) are desirable.
Wood Anatomy
Although the wood sample of Damnacanthus indicus available is juvenile, two features appear to be of taxonomic significance: the absence of axial parenchyma and the presence of septate libriform fibres. Septate fibres with the occasional presence of vesturing on newly deposited thickenings have already been illustrated in detail and much m'ore accurately by Ohtani (1987) . This feature appears to be unique in Rubiaceae and as far as we know is not reported in other families. Ohtani (1984) also reported the unusual openings of the perforation plates in this species. In the molecular analysis of Andersson and Rova (1999) the Mitchella group was strongly nested in the Morindeae. Wood anatomically, however, Damnacanthus differs from the Morindeae and Prismatomerideae.
While Lasianthus has traditionally been placed in the Psychotrieae (Hooker 1873 , Schumann 1897 , Verdcourt 1958 , Robbrecht 1993 or the Morindeae (Petit 1964 , Robbrecht 1988 , rbcL and rpsl6 intron sequence data strongly support a basal position of this genus within the Rubioideae, close to the neotropical herbaceous genus Perama (Bremer 1996, Andersson and Rova 1999) . Wood anatomical features, especially the presence of fibre-tracheids and axial parenchyma which is diffuse to diffuse-in-aggregates, demonstrate that a position of Lasianthus within the Psychotrieae is no longer justified.
Helical thickenings in the axial parenchyma are seldom recorded in the secondary xylem of dicotyledons. Sporadic occurrence has been reported in Lasianthus by Janssonius (1926) and Ohtani (1986) . Other examples are for instance Trigonia servicea (Trigoniaceae, Heimsch 1941) , few Dipterocarpaceae, Ancistrocladaceae (Gottwald and Parameswaran 1966,1968) , Chrysobalanaceae (ter Welle 1975% and Araliaceae (Oskolski and Lowry 2000) . Although the feature is very easily overlooked, we suggest that it characterises the basal most taxa of the Rubioideae, including Pauridiantheae, Urophylleae, and the group of Lasianthus. Within one sample the thickenings are of sporadic occurrence and fewer than 1% of axial parenchyma cells have these thickenings. Our observations confirm Ohtani (1986) in that they are more frequent in parenchyma cells which are in contact with or close to the (narrow) vessels. As illustrated by Ohtani (1986) in Lasianthus japonicus, it would be interesting to examine by detailed SEM observations whether or not vestures are associated with the thickenings that are found in axial parenchyma cells of other basal Rubioideae. Except for Rubiaceae, the unusual occurrence of vestures in axial parenchyma cells may also be present in Trigoniaceae and Dipterocarpaceae, which both show vestured vessel pits (Jansen et a/. 2001) .
Other genera that have been associated with the Psychotrieae or Morindeae are Trichostachys and Saldinia (Petit 1963 , Robbrecht 1993 . The rpsl6 intron analysis in Piesschaert et a/. (2000a) demonstrated that these genera belong to the Lasianthus clade. Support for this position is found in the presence of distinctly bordered pits and the rare occurrence of helical thickenings in the axial parenchyma cells of Trichostachys. On the other hand, the presence of at least a few septate fibres in Saldinia and Trichostachys is of Rubioideae 287 not observed in species of Lasianthus. The scalariform perforation plates and uniseriate rays probably can be explained by the juvenile wood samples. The specimens of Trichostachys microcarpa studied have a monocaul dwarf habit: representatives are low (ca. 1 m), unbranched woody plants with most leaves aggregated towards the tip (Robbrecht 1988) . The tribes Pauridiantheae and Urophylleae, which were previously placed in the subfamily Cinchonoideae sensu Robbrecht (1988 Robbrecht ( ,1993 , show relatively similar wood features. The genera of these tribes can not be distinguished from each other by wood anatomy only. The wood structure of this group can be interpreted as rather primitive with the presence of fibre-tracheids, diffuse to diffuse-in-aggregate axial parenchyma, and vessel groupings are mostly solitary.
Our major conclusion is that wood anatomy generally corroborates the delimitation and separation of several taxa from the former Coussareeae/Morindeae/Prismatomerideae/Psychotrieae aggregate. In fact, wood anatomy appears to be most applicable to systematics of the Rubiaceae in statements of negation of close relationship rather than positive assertions of close affinity. Moreover, a comparison of the wood structure with independently suggested phylogenies of the Rubioideae suggests that homoplasy (several origins and/or losses) most likely explains the wood anatomical variation. A general treatment of the wood anatomical tendencies in the Rubiaceae will be discussed in a forthcoming paper.
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